Background: Management of patients with differentiated thyroid carcinoma with negative diagnostic radioiodide scanning and increased serum thyroglobulin (Tg) concentrations is a widely debated problem. High-dose iodine-131 treatment of patients who have a negative 131 I diagnostic wholebody scan (WBS) is advocated. However, the therapeutic benefit of this 'blind' treatment is not clear. Objective: To investigate the course of serum Tg during thyroid hormone suppression therapy (Tg-on) and clinical outcome in patients with negative diagnostic 131 I scanning and increased serum Tg concentrations during thyroid hormone withdrawal (Tg-off), after treatment with high-dose 131 I. Design: Retrospective single-center study. Methods: Fifty-six patients were treated with a blind therapeutic dose of 150 mCi 131 I. Median followup from this treatment until the end of observation was 4.2 years (range 0.5 -13.5 years). Results: The post-treatment WBS revealed 131 I uptake in 28 patients, but none in the remaining 28 patients. In this study the Tg-on values did not change after treatment in either the positive or the negative post-treatment WBS group. During follow-up, 18 of the 28 patients with a positive posttreatment WBS achieved complete remission, compared with 10 of the 28 patients with a negative post-treatment WBS. Nine patients in the negative group died, but no patients died in the positive post-treatment group (P ¼ 0.001). Conclusions: High-dose iodine treatment in diagnostically negative patients who have a negative posttreatment scan seems to confer no additional value for tumor reduction and survival. In patients with a positive post-treatment scan, high-dose iodine treatment can be used as a diagnostic tool to identify tumor location, and a therapeutic effect may be present in individual cases.
Introduction
The principal diagnostic tests used in the follow-up of patients with differentiated thyroid carcinoma are serum thyroglobulin (Tg) measurements and diagnostic whole-body radioiodine scanning (1, 2) . Serum Tg can be measured during thyroid hormone suppression treatment (Tg-on) or after withdrawal of thyroid hormone (Tg-off). After total thyroidectomy and radioiodine ablation, an increased serum Tg-off value and a positive diagnostic radioiodine scan are good indicators of the presence of persistent, recurrent or metastatic thyroid cancer (3, 4) . However, there is a management dilemma in the case of patients with a negative diagnostic radioiodine scan and an increased serum Tg-off value. Negative results from diagnostic radioiodine scanning may be caused by factors such as an insufficient increase in serum thyroid-stimulating hormone (TSH) or iodine contamination (5) . Another explanation for negative diagnostic scanning is dedifferentation of the tumor, leading to a loss of its ability to trap iodine, while Tg production is still preserved. Finally, the presence of microscopic metastases too small to be visualized with a diagnostic dose of 131 I can give rise to negative scans.
Nowadays, in patients with negative results from diagnostic radioiodine scanning, an empirical therapeutic dose between 100 and 300 mCi 131 I, followed by a post-treatment whole-body scan (WBS), is advocated (6 -10) . The purpose of this approach is twofold. First, post-treatment radioiodine scanning after high-dose 131 I treatment is believed to be the most sensitive tool for localizing residual disease that is not revealed by diagnostic scanning with 2 -5 mCi enabling detected residual disease to be treated with other forms of therapy, such as surgery or radiotherapy. Secondly, small metastases not seen on diagnostic scanning may accumulate adequate amounts of 131 I after high-dose 131 I treatment, leading to a relevant reduction in tumor load. Several studies have shown a decrease in serum Tg-off after high-dose 131 I treatment in patients with negative results from diagnostic radioiodide scanning (13, 15, 16) . However, in other studies, serum Tg remained the same or was increased (6, 17) .
As the numbers of patients in these studies were small and follow-up data are scarce, it remains unclear whether such high-dose 131 I treatment after negative results from diagnostic radioiodide scanning is of benefit for the patient. Recently, several reports have been published that show no additional effect of high-dose 131 I treatment (10, 18, 19) , except for limited cases such as lung metastases (10) . Moreover, it can be postulated that temporary stimulation of TSH caused by withdrawal of thyroid hormone will enhance tumor metabolism, as reflected by an increase in both Tg-on and Tg-off values in these patients (4) . This may result in tumor progression. Another counter-argument is that treatment with 131 I in patients without sufficient accumulation of 131 I, reflected by negative diagnostic 131 I WBS, induces early anaplastic changes, resulting in a poor survival (20) .
We studied a group of 56 patients with differentiated thyroid carcinoma with negative results from diagnostic 131 I scans and increased serum Tg-off values during thyroid hormone withdrawal after a so-called 'blind treatment' with high-dose 131 I. The aim of the study was to investigate the course of serum Tg-on after high-dose 131 I treatment and clinical outcome in patients with positive or negative post-treatment WBS results.
Patients and Methods

Patients
Between January 1978 and September 2000, 504 patients with differentiated thyroid carcinoma were treated in our institution. Patients underwent (near-) total thyroidectomy, followed by radioiodide ablation of residual functioning thyroid tissue 4-6 weeks later. A post-treatment WBS was performed 10 days after administration of the dose of 131 I, using a two-headed gammacamera (Multispect 2; Siemens, Hoffman Estates, IL, USA) with a high-energy collimator.
Completeness of ablation was checked 3 months after the ablation procedure. Two weeks before undergoing diagnostic scanning, patients stopped taking triiodothyronine, and followed a low-iodine diet during that period. Patients were considered to be in complete remission if clinically detectable differentiated thyroid cancer was absent and diagnostic or post-treatment 131 I WBS was negative combined with an undetectable serum Tg-off. If no subsequent diagnostic 131 I WBS was available after the last therapeutic dose of 131 I, patients were also considered to be apparently in complete remission if serum Tg-on was undetectable for at least 6 months.
Follow-up included a visit to the outpatient clinic of the University Hospital Groningen every 4 months in the first 2 years, and annually thereafter. After 1980, it became the practice not to perform routine diagnostic 131 I WBSs in patients with undetectable serum Tg-on concentrations during thyroid hormone suppression therapy. If concentrations became detectable during follow-up, thyroid hormone therapy was discontinued and a diagnostic 131 I scan was performed. We identified 56 patients who were treated with a therapeutic dose of 150 mCi 131 I, because of detectable serum Tg-off without Tg antibodies, despite a negative WBS after 2 or 10 mCi (or both) doses of 131 I. Follow-up after this 'blind treatment' was at least 6 months.
Laboratory measurements
Serum Tg was measured from 1978 until 1984 using a homemade radioimmunoassay. From 1984 until 1989 a commercially available radioimmunoassay (Cis Bio International, Gif-sur-Yvette, France) was used, with a lower limit of detection of 3.0 ng/ml. From 1989, the limit of detection of this radioimmunoassay was further decreased, to 1.5 ng/ml. A validated conversion factor was used for serum Tg concentrations measured before 1989 to enable comparison with the serum Tg concentrations measured by the radioimmunoassay used since 1989. In case of an undetectable serum Tg, the presence of Tg antibodies was evaluated by comparison of standard Tg and the patient's serum sample. Serum TSH was measured by a chemoluminescence immunoassay (Amersham, Little Chalfont, UK) that had a normal range of 0.3 -5.0 mU/l.
Statistical analysis
Statistical analysis was performed using the SPSS 10.0 for Windows (SPSS Inc., Chicago, IL, USA). Data are expressed as medians and range, unless stated otherwise. Tests were two-sided, and a P-value less than 0.05 was considered to be significant. Differences between groups were tested using the x 2 test with continuity correction or the Mann-Whitney U-test, as appropriate. The Wilcoxon signed rank test was used to evaluate changes in serum Tg within the groups and the Wilcoxon rank sum test was applied to compare serum Tg concentrations between the groups. Multivariate analysis was performed according to a logistic regression model. Survival rates were estimated using Kaplan -Meier with log-rank.
Results
Patients' characteristics
'Blind 131 I treatment' was performed in 56 patients (34 women and 22 men) with a median age of 54 years (range 22 -82 years). Thirty-two patients presented with papillary thyroid carcinoma, 14 with a follicular carcinoma and 10 patients with a Hü rthle cell carcinoma (Table 1) . Median follow-up from initial diagnosis until the performance of the blind treatment was 0.8 years (range 0.3 -13.6 years). In 34 patients, the reason for blind treatment was a negative post-ablative WBS; serum Tg-off was increased. The other 22 patients had received one or more additional treatment cycles with high-dose 131 I, before a negative diagnostic WBS was recorded and serum Tg-off was still increased. No differences between these two groups were found concerning patient characteristics, the course of their disease or outcome parameters. The median cumulative dose of radioiodine used before the blind treatment was given was 150 mCi 131 I (range 50 -650 mCi 131 I). Median follow-up from the blind therapeutic dose until the end of observation was 4.2 years (range 0.5 -13.5 years).
Results of post-treatment WBS
Among the 56 blindly treated patients, 28 showed uptake of iodine at the post-treatment WBS and 28 patients had negative results from their post-treatment WBS (Table 1 ). There were no differences in sex, histology or the presence of cervical lymph-node or distant metastases at diagnosis, but in the group with negative post-treatment WBS results, more patients had presented with extrathyroidal growth of the tumor. No differences were found between the groups with respect to duration of follow-up (P ¼ 0.95).
In the 28 patients with positive post-treatment WBS results, uptake was found seven times in the thyroid bed, six times in the neck, 12 times in the mediastinum, twice in the lungs, twice in the liver and once in a cervical vertebra. In three instances, undefined abdominal uptake was found that could not be confirmed with other imaging studies such as ultrasonography and computed tomography scanning.
Multivariate analyses of determinants contributing to a negative result of the post-treatment WBS are shown in Table 2 . Only the presence of extrathyroidal growth at presentation was a prognostic factor.
Serum Tg measurements
Serum TSH concentration at time of administration of the blind treatment dose of 131 I was of an adequately high value (median 67 mU/l, range 17.8 -211 mU/l). Serum Tg-on values were measured 6-12 weeks ) and 3-6 months after the blind therapeutic dose (Tg-on after ). At both times, patients had adequately suppressed TSH. As a consequence of the treatment procedure, no Tg-off measurements during follow-up were available for evaluation in most patients. Serum Tg-on prior , Tg-off and Tg-on after were greater in the patients with a negative post-treatment WBS (Table 3) . Tg-on prior was below the limit of detection in 23 patients [in 16 patients in the group with a positive post-treatment WBS and in seven patients in the group with a negative post-treatment WBS (P ¼ 0.02)]. In three patients, the Tg-on prior value was missing. Serum Tg-on after remained undetectable in 24 patients, decreased in 12 patients and increased in 17 patients (Table 4 , Fig. 1 ). Serum Tg-on after did not become detectable in any of the patients who had an undetectable serum Tg-on prior . In six patients, Tg-on after became undetectable (three in each group). The serum Tg-on prior and serum Tg-on after values of the whole group were not significantly different. In addition, there were no differences between the groups with respect to change in serum Tg-on values before and after blind treatment.
Outcome and follow-up
During follow-up, patients were treated with several treatment modalities, depending on the results of the post-treatment WBS, serum Tg-on values and other radiological imaging findings (Table 5) . Patients with a positive post-treatment WBS more often received additional treatment, compared with the patients with negative results from post-treatment WBS (P ¼ 0.007). This difference was caused by continuing high-dose 131 I treatment and not by additional surgery or external radiotherapy. Of the 28 patients with positive results from post-treatment WBS, 18 (64%) ultimately achieved complete remission, compared with 10 of the 28 patients (36%) with negative posttreatment WBS results (P ¼ 0.06). In the negative post-treatment WBS group, nine patients died during follow-up because of their disease, as compared with none in the positive post-treatment WBS group. This led to different survival rates between the groups (Fig. 2) . The 5-year survival was 100% in the group with a positive post-treatment WBS and 76% in the group with a negative post-treatment WBS (P ¼ 0.001).
Discussion
In this study we have reported the results of treatment with a blind therapeutic dose of 150 mCi 131 I in 56 patients. Of these patients, 50% showed a positive post-treatment WBS and the remaining 50% had negative results from the post-treatment scan. We found no differences between the course of Tg-on values in the negative and positive post-treatment groups. There was, however, a striking difference in final outcome between the patients with a positive and a negative post-treatment WBS. Among those with a positive post-treatment WBS, none died of their disease during the follow-up period, whereas among those with a negative post-treatment scan nine died as a consequence of thyroid cancer (5-year survival 100% compared with 76%, P ¼ 0.001).
It is unlikely that stunning is responsible for the negative findings on post-treatment WBS, because of the short time span between the applied diagnostic and therapeutic doses (21) . In addition, iodine contamination was very unlikely in our patients, because of their low-iodide diet. We have shown previously that the diet described results in low iodine excretion (22) . The findings of several studies support the use of blind treatment with high-dose 131 I in cases of negative diagnostic scanning and increased serum Tg, because a post-treatment decline in serum Tg was observed (Table 6) (6, 13, 15, 23, 24) . Most studies describe the treatment results only in patients with a positive post-treatment WBS, but the number of patients and follow-up data in these studies were limited (Table 6) . Moreover, data in these studies are poorly comparable, because of different criteria for effect that were studied. Only the recent study by Pacini et al. (10) was able to differentiate between blind treatment and no treatment in patients with negative results from diagnostic scanning and detectable Tg-off. Pacini's group observed a frequent normalization of serum Tg-off, even in those who did not receive treatment. This observation was confirmed in the very recently published study by Baudin et al. (25) . Patients with lung metastases and, I and on the day of the blind therapeutic dose (Tg-off).
Post-treatment WBS findings
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Negative P Tg-on prior (ng/ml) ,1. to a lesser extent, patients with lymph-node metastases may, in particular, benefit from blind treatment, as was shown in the study by Pacini et al. (10) . This is in agreement with the opinion of some experts in the field, who have raised questions concerning the approach of blind treatment (2, 5, 17) . They argued that many of the blindly treated patients possibly have only very limited disease, which has little effect on their life expectancy. In such a case, the favourable outcome after blind treatment would be attributable to a very low tumor volume. However, the results of our study supported the message of recent reports (10, 18, 19) that the benefit of Figure 1 The course of serum Tg-on before and after blind treatment in the individual patients (X) grouped according to a negative or a positive post-treatment WBS. The large solid black circles, placed at the limit of detection, represent seven patients before and 11 patients after blind treatment in the negative post-treatment group and 16 and 19 patients, respectively, in the positive post-treatment group. 131 I treatment in the group with negative results post-treatment; however, there was limited follow-up after treatment. Table 6 shows the outcome of blind treatment in patients in other studies.
In our group of patients, the blind treatment did not lead to a significant change in serum concentrations of Tg-on in patients with either positive or negative posttreatment WBS. This can possibly be explained by the use of Tg-on concentrations before and after treatment with 131 I. As has been shown above (Table 3 ), a considerable number of patients had an undetectable Tg-on before and after 131 I treatment. Unfortunately, our treatment procedure did not allow us to use Tg-off concentrations after 131 I treatment. An additional explanation for the lack of effect on Tg-on concentrations may be the localization of 131 I uptake in our patient group. Iodine uptake was found mostly in the neck and mediastinum, whereas the therapeutic effect of the blind treatment, in the study by Pacini et al. (10) in particular, was found in the patients with lung metastases.
In our study, the difference in outcome after blind treatment between the patients with a positive and a negative post-treatment WBS is clear. The effects on outcome in the patients with positive post-treatment WBS results can be ascribed to the effects of iodine treatment, in agreement with others (10, 13, 15) . However, it can also be explained by tumor characteristics. The presence of radioiodine uptake after high-dose 131 I treatment reflects the selection of patients with a less aggressive tumor. Loss of differentiation of thyroid cancer cells is accompanied by the loss of thyroid-specific functions. The loss of iodine accumulation, caused by decreased expression of the Na þ /I 2 symporter, is commonly regarded as one of the first steps in dedifferentiation (26) . It is well known that differentiated thyroid cancer, which loses the ability to accumulate radioiodine, has a worse prognosis (27, 28) . The ability to take up iodine reflects a well-differentiated grade of tumor cell, and may also contribute to the more favorable outcome in the group with positive WBS findings.
Our study thus confirms the use of high-dose 131 I treatment in patients with negative diagnostic 131 I WBS and detectable serum Tg-off as a diagnostic and prognostic tool. As proposed by Pacini et al. (10) , the treatment with 131 I should be based on the results of the first post-treatment scan and should, in particular, be adjusted in patients with lung metastases. Lymphnode metastases must be treated surgically if possible. No treatment should be used in those patients who demonstrate iodine uptake in the thyroid bed or in those without any uptake, because normalization of serum Tg-on and Tg-off values can occur, even in the absence of treatment (10, 25) . The results of other diagnostic procedures such as neck ultrasonography, computed tomography scanning, magnetic resonance imaging or scans with non-specific isotopic tracers -including thallium-201, technetium-99m-labeled sestamibi or fluorine-18-labeled fluorodeoxyglucose positron emission tomography -must be taken into account when alternative forms of treatment are being chosen. In patients with a negative post-treatment scan the decision not to administer further treatment with high-dose iodine seems rational. In patients with a positive post-treatment WBS, the decision to give a further treatment with iodine depends on the location of the metastatic site and the possibility of other therapeutic options, such as surgery.
